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The purpose of this study was to examine the effect of wordrecognition performance on the relationship between the
spondee-reception threshold and the pure-tone average. Scores
on the Maryland CNC word-recognition test, spondee-recognition
thresholds, and pure-tone thresholds at 500, 1000, 2000, 3000
and 4000 Hz were obtained from 98 ears of patients seen in an
audiology and otolaryngology practice in Kalispell, Montana.
Scattergrams were plotted for six SRT-PTA relationships
as a function of word-recognition score. The relationships
were: 1) SRT minus an average of 500, 1000 and 2000 Hz; 2)
SRT minus an average of 500, 1000, 2000 and 4000 Hz; 3) SRT
minus the best two consecutive thresholds among 500, 1000 and
2000 Hz; 4) SRT minus an average of 500 and 1000 Hz minus 2
dB; 5) SRT minus an average of 1000, 2000, 3000 and 4000 Hz;
6) SRT minus the best threshold among 500, 1000 and 2000 Hz.
Correlation and linear regression values were computed for
each relationship.
A negative rectilinear trend was noted for all
relationships except Relationship Five. These results suggest
that for all relationships except Relationship Five, as wordrecognition scores decrease, there is a tendency for SRTs to
be lower than the pure-tone data. Correlation coefficients
were less than -0.61 for all relationships. Those values were
significant for all relationships except Relationships Two and
Five, however.
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CHAPTER ONE:

INTRODUCTION

The basic audiological battery is comprised of three
tests:

air- and bone-conduction pure-tone threshold

assessment, spondee-recognition thresholds (SRT) and
supra-threshold word-recognition.

The first test evaluates

the patient's ability to detect 50% of individual pure
tones.

The second test establishes the lowest intensity

level at which the patient recognizes speech, usually
spondees, 50% of the time.

The third test measures the

patient's ability to recognize words, usually phonetically
balanced words, at a presentation level of 25 to 40 dB above
the SRT.
Numerous researchers have previously examined the
relationship between the SRT and various averages of puretone thresholds (Carhart, 1946; Carhart and Porter, 1971;
Fletcher, 1929; Fletcher, 1950; Fowler, 1941; Graham,1960;
Harris, Haines and Myers, 1956; Hughson and Thompson, 1942).
Fletcher (1929) was the first to note this relationship.

He

suggested that the average of the thresholds for 512, 1024
and 2048 Hz could be used to predict the SRT.

Studies in

the early 1940s supported this conclusion (Carhart,
Fowler, 1941; Hughson and Thompson, 1942).

1946;

Fletcher (1950)

later noted, for steeply sloping audiograms, the average of
the best two consecutive thresholds from the thresholds at
500, 1000, and 2000 Hz was the best predictor for the SRT.
Carhart and Porter (1971) later recommended the examiner
1
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average the thresholds at 500 and 1000 Hz and then subtract
2 dB from this average to predict the SRT for steeply
sloping audiograms.
Although there is a significant body of literature
quantifying the relationship between the SRT and the puretone average (PTA), very little research has actually
examined the phenomenon of disagreement between the SRT and
the PTA.

Most authors cite calibration error, procedural

error or pseudohypacusis as the cause when disagreement
between the SRT and the PTA arises (Olsen and Matkin, 1979).
A few studies, however, have suggested that patients with
significant auditory pathology such as intracranial tumors
may demonstrate SRTs which are worse than the PTA since such
lesions are known to impair word-recognition ability (Dirks
et al., 1973; Flower and Viehweg, 1961; Jerger and Jerger,
1971; Parker, Decker and Gardner, 1962).

For example,

Flower and Viehweg (1961) mentioned a patient who had a twofrequency average of 18 dB but who was not able to repeat
spondees at the intensity limit of the audiometer.

Although

these studies suggest that auditory pathology can indeed
impair word-recognition ability, not one of these studies
has systematically examined the effect of such impairment on
the relationship between the SRT and the PTA.
The purpose of this study was to investigate the effect
of word recognition as measured by the Maryland CNC test on
the agreement between the SRT and various calculations of

3

the PTA.

Specifically, it was predicted that as word-

recognition scores decreased, the difference between the SRT
and five commonly accepted pure-tone averages, as well as
the best threshold for the frequencies between 500 and 2000
Hz, will increase.

CHAPTER TWO:

REVIEW OF THE LITERATURE

A complete review of the literature pertaining to the
effect of word recognition (WR) on the relationship between
the spondee-recognition threshold (SRT) and the pure-tone
average (PTA) would encompass all references pertaining to
the measurement of pure-tone thresholds, spondee-recognition
thresholds, and supra-threshold word recognition-assessment.
Such an extensive review is beyond the scope of this study.
The present review will, therefore, be limited to a
discussion of the most pertinent variables involved in the
assessment of each, followed by a review of the literature
pertaining to the effect of word recognition on the
relationship between the SRT and pure-tone thresholds.
Pure-Tone Threshold Assessment

The discussion of the variables involved in the
assessment of thresholds for pure tones will be limited to
those involved in the manual modified method of limits and
will assume that an alert and cooperative patient is being
tested.

In 1977 ASHA published its Guidelines for Manual

Pure-Tone Threshold Audiometry.

These guidelines describe

the specific procedures for instructing the patient,
interpreting the patient's responses, familiarizing the
patient with the procedure, obtaining thresholds, selecting
and ordering the frequencies to be tested, and masking the
non-test ear.

ASHA's recommendations pertaining to each of

these variables will be discussed below.
4
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Instructing the Patient:

ASHA recommends that the

instructions to the patient be phrased in language
appropriate to the patient and indicate:
a.

the response task,

b.

that the person is to respond whenever
the tone is heard, no matter how faint
it may be,

c.

the need to respond as soon as the
tone comes on and to stop responding
immediately when the tone goes off,

d.

that each ear is to be tested separately,
(p. 237)

Interpreting the Patient's Responses:

ASHA recommends

that the examiner consider the latency of the patient's
responses to the stimuli, the patient's ability to indicate
both the onset and the termination of the stimulus, and the
lack of false-positive and false-negative responses when
determining threshold.
Familiarizing the Patient:

ASHA recommends

that the

patient should be familiarized with the procedure prior to
threshold assessment and describes two methods for doing so.
According to the first method, a continuous but completely
attenuated tone is presented while gradually increasing the
intensity until a response occurs.

The tone is then

interrupted for at least two seconds and then
the same level.

presented at

If there is a second response, then the

threshold search is initiated.

If no second response

occurs, then the procedure is repeated.

The second method
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suggests presenting a tone at 30 dB HL.

If a response

occurs then the threshold search may be initiated.

If no

response occurs, a 50 dB tone is presented and if still no
response occurs, the

tone

is then increased in 10 dB

increments until a response occurs.

ASHA has recommended

these procedures since they do not require the examiner to
make assumptions regarding the patient's threshold prior to
assessment.
Obtaining Threshold:

ASHA recommends the following

standard procedure for pure tone threshold assessment:
a.

Tone Duration: Threshold exploration
is carried out by presenting continuous
short tones of one to two seconds
duration.

b.

Interval Between Tones: The interval
between tone presentations shall be
varied but not shorter than the test
tone.

c.

Level of First Presentation: The level
of the first presentation of tone for
threshold measurement is 10 dB below
the level of the listener's response to
the familiarization presentation.

d.

Levels of Succeeding Presentations:
The tone level of succeeding
presentations is determined by the
preceeding response. After each failure
to respond to a signal, the level is
increased in 5 dB steps until the first
response occurs. After the response,
the intensity is decreased 10 dB and
another ascending series is begun.

e.

Threshold of Hearing: Threshold is
defined arbitrarily as the lowest
level at which responses occur in at
least half of a series of ascending
trials with a minimum of three responses
required at a single level. (p. 238)
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Selecting and Ordering Frequencies: ASHA

recommends

that, for diagnostic purposes, threshold assessment shall be
made at octave intervals of 250 Hz to 8000 Hz and that when
a difference of 20 dB or more occurs between adjacent octave
frequencies the interoctave frequencies should be tested.
ASHA recommends that 1000 Hz be tested first, followed by
either the higher or lower frequencies, a retest of 1000 Hz,
and then testing the remaining frequencies.
Masking the Non-test Ear:

ASHA recommends that

whenever the air-conduction threshold exceeds the apparent
bone-conduction threshold in the opposite ear, appropriate
masking shall be applied to the non-test ear.
survey by Martin and Forbis indicated that

In 1978, a

most of the

audiologists surveyed conformed quite closely to these
guidelines.

The major departure from the guidelines

occurred in the method reported for determining threshold.
Martin and Forbis found that only 15% of their respondents
used the ASHA definition of threshold.

The majority

reported using two correct of three responses as criterion
for determining threshold.

There appears to be very little

controversy, therefore, according to the Martin and Forbis
survey regarding pure-tone threshold assessment.
Spondee-Recognition Threshold Assessment

Several variables are involved in the clinical
assessment of the SRT.
following choices:

These variables include the

monitored live voice (MLV) vs recorded
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presentation; the use of a carrier phrase; ascending or
descending threshold search; familiarization; set size; 2 dB
vs 5 dB increments; and guessing.
MLV vs recorded presentation;

Martin and Forbis

(1978) reported that most audiologists use MLV for the
presentation of spondees.

Wilson and Margolis (1983) noted

that the MLV procedure allows for a greater flexibility in
rate of presentation, which can be especially important in
pediatric and geriatric testing.

Furthermore, they stated

that the SRT can be obtained more quickly with MLV than with
recorded materials.

The criticism of the MLV procedure

focuses on the differences in results which might occur due
to speaker differences.

Various critics suggested that

differences in articulation, intonation and vocal quality
can occur from examiner to examiner, and from test to retest for the same examiner.

They suggested that these

differences would most likely affect the SRT.
Research has also indicated that there are no
differences between the results obtained using recorded
materials and

those obtained using MLV (Beattie, Forrester

and Ruby, 1976; Creston, Gillespie and Krohn, 1966).
However, critics continue to insist that standardization of
the test procedures requires the use of recorded materials
(Olsen and

Matkin, 1979; Wilson and Margolis, 1983).

The current ASHA Guidelines For Determining the
Threshold Level For Speech

(1987) indicates that recorded
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stimuli are preferred but that MLV presentation is
acceptable.

The Martin and Forbis (1978) survey indicated

that most audiologists use the MLV procedure for SRT
assessment.
Use of a Carrier Phrase;

There has not been any

systematic research published on the effect of use or
omission of the carrier phrase in SRT assessment. The
original CID recordings preceeded each spondee with the
phrase "Say the word" but the more recent Auditec of St.
Louis recordings are recorded without a carrier phrase.
Most writers agree that the carrier phrase alerts the
listener to the stimulus (Hopkinson, 1973; Wilson and
Margolis, 1983).

However, Wilson and Margolis noted that

the five second interval between spondees on the Auditec
recording may serve to alert the listener as well as does
the carrier phrase.

Rupp (1980) also noted that the carrier

phrase may serve to assist the examiner to monitor her own
voice more effectively when spondees are presented MLV.
Most authors agree that the use or omission of the carrier
phrase does not affect SRT assessment (Hopkinson, 1973;
Rupp, 1980; Wilson and Margolis, 1983).

The Martin and

Forbis (1979) survey indicated that 49% of audiologists
surveyed omit the carrier phrase. The current ASHA
Guidelines (1987) do not comment on the use of a carrier
phrase.

10

Ascending vs Descending Threshold Search:

The question

of whether to use an ascending or a descending threshold
search for spondees has received considerable attention in
the literature.

In an ascending procedure, the spondees are

presented at regular intensity increments until the examiner
obtains the level at which 50% of the stimuli are
recognized.

In a descending procedure, the presentation is

begun at an intensity level which is assumed to be well
above threshold and then presented at regular intensity
decrements until the examiner obtains the level at which 50%
of the stimuli are recognized.

A variation of the ascending

and descending procedures is the bracketing technique.
Using this technique, the stimuli are presented in a
somewhat unsystematic manner at levels both above and below
the level at which the patient can recognize the stimuli.
The threshold is defined as the level at which two-thirds of
the stimuli are identified correctly, but since the same
number of stimuli are not presented at each level, this
criterion is somewhat relative.

This technique was

initially adopted by Hughson and Thompson in 1942 while
Hudgins et al. (1947) and Hirsh et al. (1952) employed a
descending threshold search.
Noting a lack of standard protocol for speech
recognition threshold asessment, Tillman and Olsen (1973)
meticulously outlined a spondee threshold procedure which
was based on a descending technique.

After familiarization
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and a search for the level at which to begin threshold
assessment, two spondees were presented at 2 dB decrements
until five incorrect responses were noted to six consecutive
stimuli.

The threshold is then calculated by adding the

number of correct responses, subtracting one, and then
subtracting this total from the intensity level at which the
test was begun.

Tillman and Olsen found this technique to

be clinically feasible and no more time consuming than the
bracketing techniques.

They recommended that this protocol

be used as the standard procedure for SRT assessment.
Wilson, Morgan and Dirks (1973) examined the
statistical foundation of the SRT procedure as recommended
by Tillman and Olsen (1973). They applied the results
generated by this procedure to the Spearman-Karber method
(Finney, 1952), a statistical protocol often used in medical
and biological science.

This protocol as it applies to

Tillman and Olsen*s method may be described by the following
formula:
d (r)
T50I = i + 1/2 (2)
n
where T50I = threshold,

i = the initial test intensity, d =

the dB decrement, r = the total number of correct responses,
and n = the number of words presented per decibel decrement.
However, since the decrement and the number of words
presented at each decrement are the same according to
Tillman and Olsen's protocol, d = n and the formula can be
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reduced to:
Tsox = i + 1/2 (2) - r.
Wilson, Morgan and Dirks (1973) applied the results
from 100 ears tested using the Tillman and Olsen (1973) SRT
protocol to the Spearman-Karber formula.

They found very

good agreement of SRTs generated by this method to pure-tone
data, thus validating Tillman and Olsen1s technique.
Conn, Ventry and Woods (1972) were the first to
empirically compare ascending and descending procedures.
Employing normal hearing subjects simulating a hearing loss,
they found a difference of 20 dB between the average SRTs
obtained by the two methods.

The average SRT obtained using

the descending technique differed from the average pure-tone
average by only 1 dB, whereas the average SRT obtained using
the ascending technique was 23 dB less than the pure-tone
average.

However, Wall, Davis and Meyers (1984) found

better SRT-PTA agreement with ascending procedures.

Their

SRTs were up to 9.1 dB less than their PTAs when using the
Tillman and Olsen (1973) descending technique.

It is

evident from the results of these studies that there is not
an empirical agreement on whether the ascending or
descending procedure is the more valid and reliable approach
to determine the SRT-PTA relationship.
In the 1979 Guidelines For Determining the Threshold
Level For Speech. ASHA recommended an ascending procedure.
The rationale for the ascending approach was based on the
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assumption that the procedure parallelled the ascending
procedure recommended for pure tone assessment.
the 1987 revised Guidelines for

However,

Determining the Threshold

Level for Speech. ASHA recommended a descending technique.
They adopted the Tillman and Olsen (1973) and Wilson,
Morgan and Dirks (1978) techniques to
Set Size;

determine threshold.

Although numerous researchers have suggested

reducing the set of 36 spondees (Beattie, Svihovec

and

Edgerton, 1975; Bowling and Elpern, 1961; Curry and Cox,
1966), relatively few investigators have examined the effect
of reducing the set size on the SRT measurement.

Punch and

Howard (1985) examined the effect of set size on the SRTs in
6 groups of 12 normal hearing subjects.

The number of

individual spondees comprising the list used to assess each
group consisted of 3, 6, 9, 18, 27 and 36 spondees
respectively.

They found a mean threshold range of 7 dB

between sets from 3 to 36 spondees.

By reducing the set

size from 36 to 27 spondees, the investigators lowered the
SRT by only 0.4 dB.

By reducing the set to 18 spondees they

reduced the mean SRT by only 1.5 dB.
set size

Finally, reducing the

to 9, 6, and 3 spondees lowered the SRTs by 3.5,

5, and 6.9

dB, respectively. They concluded that reduction

in the set

size of spondees to the extent suggested by the

homogeneity studies discussed above would have no
significant effect on reliability.

However, their results

also suggested that a reduction in the size of the set of
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sporjdees used to assess SRT to less than 18 could seriously
compromise the

validity of the obtained results.

Increment Size:

The original Hudgins et al. (1947)

PAL Test #4 provided a 4 dB attenuation per set of
spondees.

six

The Hirsh et al. (1952) CID W-l recordings

provided a 3 dB attenuation per set of three spondees.
These recordings allowed the examiner to subtract 1.5 or 1
dB, respectively, for each incorrect response to calculate
the SRT. However, many clinicians at that time preferred to
use the unattenuated recordings or to present the spondees
MLV and then control the attenuation themselves.

As a

consequence, most clinicians soon separated into two camps:
those who preferred a 2 dB increment and those who preferred
a 5 dB increment.
Chaiklin and Ventry (1964) attempted to resolve the
question of the 2 vs 5 dB increment size.

They found a 1.8

dB difference between the mean SRTs obtained by the two
methods, which was statistically insignificant.

In

addition, since their method prescribed presenting six
spondees at each 2 or 5 dB decrement, they found the 5 dB
decrement was faster and should be the preferred clinical
method.
Wilson, Morgan and Dirks (1973) re-examined the
question using Tillman and Olsen's (1973) protocol of one
spondee per decibel of decrement.

They found a difference

of 1.2 dB between the SRTs obtained using 2 and 5 dB
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decrements which was statistically significant. Furthermore,
this challenged Chaiklin and Ventry's (1964) interpretation
of the significance of the 1.8 dB difference found in their
study.

Wilson, Morgan and Dirks also noted that the 5 dB

decrement was not faster using the Tillman and Olsen
protocol since five spondees must be employed for the 5 dB
decrement and only two at each 2 dB decrement.

However,

they concluded that the statically significant difference
between the methods used in their study was probably not
clinically significant.
The Martin and Forbis (1978) survey indicated that
57% of the audiologists surveyed continue to use the 5 dB
increment.

The ASHA Guidelines (1987) indicated that the 2

dB decrement is preferred but that 5 dB is acceptable.
Familiarization:

Most writers recommend familiarizing

the patient with the spondees before assessment (Berger,
1971; Hopkinson, 1973; Olsen and Matkin, 1979; Rupp, 1980;
Tillman and Olsen, 1973; Wilson, Margolis and Dirks, 1983).
Tillman and Jerger (1959) supported this recommendation as
they found that their subjects who had been familiarized
with the spondee material yielded mean SRTs up to 7 dB
poorer than those obtained from subjects who were not
familiarized.

The mean SRTs of familiarized subjects were

also up to 7 dB closer to their mean thresholds at 1000 Hz
than those subjects who were not familiarized.
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Recognizing that familiarization is clinically time
consuming, Conn, Dancer and Ventry (1975) developed lists of
selected CID spondees which, when used without
familiarization, yielded SRTs which were equivalent to those
obtained with full CID lists.

Unfortunately, this list is

not commercially available in recorded form.
Although ASHA (1979; 1987) unequivocally recommended
familiarization, Martin and Forbis1 (1978) survey indicated
that roughly half of the audiologists they surveyed assess
SRT without familiarization.
Guessing:

Most authors encourage clinicians to

instruct the patient to guess if he or she is not certain of
the correct response (Chaiklin and Ventry, 1971; Hopkinson,
1973; Martin, 1975). However, Burke and Nerbonne (1978)
found better SRT-PTA agreement when patients were
specifically instructed not to guess and they proposed
elimination of instructions to guess.

Nevertheless, ASHA

(1979, 1987) recommended stressing the need for guessing
when instructing the patient.
The preceding discussion highlighting the variables
involved in the assessment of SRT was based on ASHA
guidelines, clinical research, and survey information
regarding current clinical practice.

From this discussion

the following conclusions are evident:
1.

Although ASHA and research findings indicate
either MLV or recorded presentation is acceptable,

and most audiologists prefer to present spondees
by monitored live

voice, recorded materials are

considered the more valid means of presentation.
The question of whether to use a carrier phrase
becomes a moot question when using recorded
materials.

ASHA makes no recommendations and

there is little research discussing the impact of
this variable.
Research findings strongly suggest that a
descending procedure yields SRTs which more
closely agree with pure tone data and ASHA now
recommends a descending procedure.
Although there is evidence that the set of
spondees used to assess SRT may be reduced to a
set of 18 without harming validity, such reduced
sets are not available in recorded form.
ASHA guidelines indicate that either a 2 or 5 dB
increment is acceptable but a 2 dB increment is
preferred.

The literature suggests that the

difference in results

obtained with the two

methods is statistically significant and
recommends the 2 dB increment.

However, 57% of

audiologists use a 5 dB increment, and
furthermore, some audiometers (e. g. Maico MA 2)
do not allow the examiner to use 2 dB increments.
ASHA recommends that the patient should be
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familiarized with the spondee materials prior to
the assessment.

In addition, the literature

indicates that there will be better agreement
between the SRT and pure tone

results when the

patient is familiarized.
7.

Although ASHA recommends encouraging the patient
to guess when not certain of the response,
research results suggest that the SRT will more
closely agree with pure tone data when patients
are encouraged not to guess.

Word-Recognition Assessment

This discussion will be limited to word-recognition
assessed with monosyllables, monaurally, in quiet, and in an
open set response paradigm.

The origin of electronic word-

recognition assessment can be traced to Bell Telephone
Laboratories.

While attempting to assess the clarity of

various telephone circuits, Fletcher and Steinberg (1929)
developed lists of consonant-vowel-consonant (CVC) nonsense
syllables.

These lists were composed by randomly selecting

English speech sounds from a pool of 22 initial and final
consonants and a pool of 11 vowels.

This selection yielded

lists of 66 phonetically balanced CVC nonsense syllables.
The syllables were spoken over the various telephone
circuits by trained speakers and the percentage of syllables
correctly recorded by trained listeners was called the
articulation score.

Fletcher (1929) then applied these
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phonetically balanced

word lists to the assessment of human

hearing.
Seeking to improve wartime communication systems, the
researchers at Harvard's Psychoacoustic Laboratory (PAL)
sought to develop word lists which met more stringent
criteria than the earlier Bell Lab's lists.
their criteria were:

Specifically,

1) the lists must be of equal average

difficulty, 2) each list must have a phonetic composition
representative of English speech and, 3) the words must be
in common usage.

Adopting these three criteria, Egan (1948)

developed 24 lists of 50 words each.

They became known as

the PAL PB-50 word lists and they were used in the
assessment of human hearing during the late 40's and early
501 s.
Scientists at the Central Institute of the Deaf (CID),
however, noted consistent problems with the PB-50 lists,
especially in terms of familiarity and phonetic balance.
Hirsh et al. (1952) modified the PB-50 lists by excluding
some of the less familiar words and adding some more
familiar ones.

Their criteria for phonetic balance were

also more stringent.

These limitations reduced the pool to

200 words which were then subsequently divided into four
lists of 50 words each.

They became known as the CID W-22

lists and have been widely used in word-recognition
assessment since their development.
Lehiste and Peterson (1950) noted that true phonetic
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balancing of 50 word lists was not possible since
articulation of any phone is influenced by preceding and
following phones.

Therefore, any truly phonetically

balanced list would have to account for all the various
phonetic combinations of English.

They suggested, however,

that phonemic balancing was indeed possible and they
developed ten lists of consonant-nucleus-consonant (CNC)
words which they believed to be adequately phonemically
balanced.

These lists were later reduced to conform more

closely with Peterson and Lehiste's original criteria and
came to be known as the Northwestern University Auditory
Test #6 (NU #6) (Tillman, Carhart and Wilber, 1963; Tillman
and Carhart, 1966).
Causey et al. (1984) argued that the effects of
coarticulation should be accounted for in word recognition
assessment.

They embedded the stimulus words of the Lehiste

and Peterson (1962) CNC lists in the phrase "Say the
again".

They argued that the schwa sound preceeding and

following the stimulus would add a coarticulation effect to
the assessment.

They administered six lists recorded in

this manner to groups of normal and hearing impaired
subjects and found excellent inter-list reliability and
test-retest reliability.

This test is known as the Maryland

CNC Test and is now the standard word-recognition test for
the compensation and pension evaluation performed in
Veterans Administration audiology clinics.

A previous study (Causey et al., 1982) compared
performance of hearing impaired subjects on the Maryland CNC
test, the NU #6 test and the CID W-22 test.

They found that

scores on the CID W-22 test were significantly higher than
scores on the other two tests.

The mean score on the CID

W-22 was 90% compared to 77% on the Maryland CNC and 76% on
the NU-6.

These results suggest that the latter two tests

better differentiate between normal and hearing impaired
subjects than the CID W-22.
Several problems have been noted clinically by
clinicians currently using the Maryland CNC test.

First,

many subjects are confused by the syntax of the carrier
phrase.

For example, when a verb is inserted in the blank,

such as "rob", the sentence is quite nonsensical.

If the

patient is not warned of this phenomenon, he or she may try
to guess a word which would make sense in the sentence.
This would result in an artificially deflated wordrecognition score.
Second, there are problems with the speaker's
pronunciation of several items.

Specifically, items

beginning with /wh/, such as "what" (List 3, #12), and
"while" (List 10, #15) are pronounced with the /w/ phoneme,
resulting in what sounds like "watt" and "wile"
respectively.

For patients and clinicians who do not

differentiate between /wh/ and /w/ this phenomenon does not
create errors.

For those who do, however, this situation
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creates a great deal of confusion.

And finally, the

speaker's pronunciation of "yearn" is bi-syllabic, resulting
in what sounds like "urine".

The effect of these items on

the scores resulting from the use of this instrument needs
to be systematically evaluated.
The criterion of familiarity was a critical issue early
in the development of word-recognition materials (Egan,
1948; Hirsh et al., 1952).

To test the influence of this

variable on word-recognition performance, Owens (1961)
devised lists of words which varied systematically in
regards to familiarity.

He found that performance on the

lists composed of words with greater familiarity was
significantly better than the performance on the lists
composed of less familiar words.

Elpern (1960) also found

statistically significant differences in performance on the
various CID W-22 lists, based on familiarity.

In fact, the

CID W-22 lists were criticized as having a large range in
familiarity (Schultz, 1964). In contrast, Elkins (1970)
reported that the Lehiste and Peterson (1959) lists were
uniform in terms of familiarity.
Phonetic or phonemic balance has also been a primary
criterion in the development of word-recognition materials.
Egan (1948)> Hirsh et al., (1952), as well as Lehiste and
Peterson (1959) have all attempted to stringently control
for this variable in the development of their word lists.
The need for phonetic balancing has been questioned,
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however.

Tobias (1964), in response to Grubb's (1963)

objections to the use of half lists on the basis of the loss
of phonetic balance, contended that phonetic balancing
appears to add little to the validity of the measure since
the less phonetically balanced PB-50 lists differentiate
among types of hearing loss better than did the more
balanced CID lists.
The validity of phonetic balancing has also been
questioned due to the definition of phonetic balancing.
Phonetic balance has been defined as the frequency of sounds
in the lists mirroring their frequency of occurrence in
English.

The rationale for establishing phonetically

balanced word lists was to establish content validity.

The

source for information regarding the frequency of occurrence
of English speech sounds was either Davey's (1923) or
Thorndike and Lorge's (1952) publications which were both
based on written English.

Since language changes over time

and since spoken English differs significantly from written
English, use of such outdated publications which draw on
written English for information regarding frequency of
occurrence and, therefore familiarity, brings the validity
of the lists into question.
To summarize, there are four primary choices available
to today's audiologist for word-recognition assessment.
They are the PAL PB-50 lists, the CID W-22 lists, the NU #6
lists and the Maryland CNC lists.

The audiologist1s
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criteria for choice among the lists should be based on such
factors as familiarity and phonetic balance.

Based on the

previous discussion, it is evident that the NU #6 lists and
the Maryland CNC lists appear to meet both criteria.
Nevertheless, Martin and Forbis' (1978) survey revealed that
70% of audiologists surveyed use CID W-22 lists, 12% use NU
#6 lists, and 7% use PAL PB-50 lists. The Maryland CNC test
has only been more recently available to clinical
audiologists but has been mandated as the word list for the
hearing compensation and pension evaluations by the
Veteran's Administration.
Word-Recognition Variables

Several variables are involved in the clinical
assessment of word recognition.

They are:

the use of half

vs whole lists, monitored live voice or recorded
presentation, the use or omission of a carrier phrase and
presentation level.

The interpretation of the word-

recognition score in terms of binomial variability is also
relevant.

These variables as well as comments regarding

current clinical practices will be included in the following
discussion.
Half vs Whole Lists:

The use of half, instead of whole

word lists for word-recognition assessment has interested
audiologists for an obvious reason; it would
assessment in half the amount of time.

allow

There have been two

approaches to the division of lists into shorter lengths;
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either dividing the list randomly, or dividing it on the
basis of error frequency.

Among researchers who divided

lists randomly, Elpern (1961) found no significant
differences between performance on half and whole CID W-22
lists.

Resnick (1962) had similar results using the PAL

lists while Rintelmann (1974) also found no significant
differences between half and whole NU #6 lists.

Jirsa et

al. (1975) and Schwartz et al. (1977) however, recommended
against half lists of the NU #6 test based on their results.
Some researchers argued that it was more logical to
divide the lists in half on the basis of error frequency,
thus deriving two equally difficult lists.

A number of

researchers (Burke, Shutts and King, 1965; Campbell, 1965;
Keating, 1974; Margolis and Millin, 1971; Rose, 1974;
Shutts, Burke and Creston, 1964) found generally high
correlations between whole lists and equally difficult half
lists (Olsen and Matkin, 1979).
More recently, the use of a weighted list has also been
proposed (Runge and Hosford-Dunn, 1985).

They arranged

the

four CID lists in order of item difficulty and administered
10, 25 and 50 word lists to large groups of
hearing-impaired subjects.

normal and

They found that, with their

cut-off criteria of no words missed on the 10 most difficult
word list and no more than three missed on the 25 word list,
there was only a 1-3% chance that the patient would score
less than 90% on a whole word list.

They suggested that an
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audiologist could successfully use

weighted lists if they

adopted the same criteria.
There are two objections to the use of reduced lists.
The first is the loss of phonetic balance, although it has
been argued that this is not a valid objection (Tobias,
1964).

The other concerns the effect of reduced list size

on validity and test-retest reliability.

Thornton and

Raffin (1978) proposed a statistical model based on binomial
distribution which can be used to predict ranges of critical
differences based on word-recognition scores and list
length.

The model clearly illustrated that as list length

is reduced, the range of critical difference increases.

For

example, the critical difference range for a score of 70% on
a 10 item list is 30-90%.

That is, if a patient scores 70%

on a 10 item list, then the score in the other ear or in the
same ear on re-test would have to be less than 30% or more
than 90% to be statistically significantly different.

Thus,

it appears that by reducing list length, the audiologist
significantly increases variability and makes comparison of
scores difficult.
Recorded vs MLV Presentation:

The issue of whether to

use recorded word-recognition materials or whether to
present the materials monitored live voice (MLV) has
received considerable attention in the literature.

Those

clinicians who favor the MLV technique cite flexibility in
pacing the presentation rate to the patient's needs as its
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major advantage.

In contrast, the critics of the MLV

technique suggest that, given the differences in pitch,
intensity, articulation and vocal quality among speakers,
only the actual recordings, and not the word lists
themselves, can be considered standardized word-recognition
assessment material.

Some early research by Brandy (1966),

Kreul et al. (1969) and Northern and Hattler (1974) clearly
supported the use of recorded materials.

The Martin and

Forbis (1978) survey indicated that over half of the
audiologists surveyed use the MLV technique in presentation
of word-recognition material.
Carrier Phrase:

Fletcher and Steinberg (1929)

presented the earliest word-recognition materials preceeded
by a carrier phrase and this protocol was rapidly adopted by
most researchers and clinicians.

The rationale for the use

of a carrier phrase has been that it prepares the listener
for the stimulus, and, during MLV presentation, it also
assists the examiner in monitoring the presentation of the
stimulus.
Martin, Hawkins and Bailey (1962), using recorded CID
W-22 materials found that the omission of the carrrier
phrase made no significant difference in their subjects'
performance, although over half of their hearing-impaired
subjects preferred presentation of the stimuli with the
carrier phrase.

Using CID W-22 materials presented MLV to

hearing impaired subjects, Gelfand (1975) found a
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statistically insignificant decrease in scores on lists
presented without the carrier phrase.

Gladstone and

Siegenthaler (1971) found a degredation in performance of 5%
for hearing impaired subjects and 8% for normal hearing
subjects when the stimuli were presented without a carrier
phrase.

It appears then that the carrier phrase is not a

significant variable in the presentation of word-recognition
materials.

Martin and Forbis (1978) indicated that 44% of

the audiologists they surveyed use a carrier phrase.
Presentation Level:

The intensity level at which the

word-recognition material is presented is considered a
critical variable in speech audiometry.

Olsen and Matkin

(1979) noted that the common presentation levels for wordrecognition testing are 25 dB SL, because it corresponds to
the level at which normal hearing listeners achieve scores
of 90% or better, or 40 dB SL, which generally corresponds
to a comfortable listening level for normal listeners.
Berger (1971) noted that PB Max (the level at which a
listener achieves maximum performance on phonetically
balanced materials) is 40 dB SL for PAL PB-50 lists while PB
Max is achieved at 25 dB SL for CID W-22 materials and
therefore, the choice of material should dictate the
presentation level.
Some audiologists prefer to present word-recognition
materials at the listener's most comfortable loudness level
(MCL).

However, Posner and Ventry (1977) found that the MCL
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for hearing impaired listeners was as much as 20 dB less
than the intensity level at which they achieved maximum
performance.

Furthermore, Ullrich and Grimm (1976) found

that seven of their 10 subjects achieved word-recognition
scores 16-28% lower at MCL than the scores achieved at
higher intensity levels.
The level at which the word list was standardized must
also be taken into account if the audiologist wishes to make
a judgment regarding the significance of a particular
patient's performance. In order to make such judgments,
word list must be presented at the same level at which

the
that

particular list was normed.
Finally, Olsen and Matkin (1979) recommend considering
the patient's threshold at 2000 Hz when determining
presentation level.

They reported observing dramatic

improvement in word-recognition scores when the stimuli were
presented just a few dB above the 2000 Hz threshold.

They

did not present data to support this observation, however.
The preceeding discussion regarding the variables
involved in the assessment of word recognition is based on
ASHA guidelines, clinical research, and survey information
regarding current clinical practice.

From this discussion

the following conclusions are evident:
1.

The use of whole lists is indicated since it
reduces variability and increases test-retest
reliability.
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2.

Standardization of procedure requires the use of
recorded materials.

3.

The carrier phrase may be omitted with no
significant effect on results but the use of
recorded materials will dictate the use or
omission of the carrier phrase.

4.

The material should be presented at the intensity
or sensation level necessary to obtain the
information needed clinically.

The SRT-PTA Relationship

One of the primary reasons for assessing SRT is to
validate the pure-tone threshold results.

Hopkinson (1973)

suggested that the SRT should correspond to a pure-tone
average (PTA) of +6 to -8 dB.

Berger (1971) suggested that

the SRT should agree within 4 dB with the PTA.

Olsen and

Matkin (1979) suggested that if a difference of more than 6
dB is found between SRT and PTA then a functional hearing
loss cannot be ruled out and further investigation is
warranted to establish true hearing sensitivity.
These recommendations regarding comparison of the SRT
to pure-tone threshold data are based on observations made
by a number of researchers regarding the SRT-PTA
relationship.
early as 1929.

This relationship was noted by Fletcher as
He indicated that the average of the

thresholds at 512, 1024 and 2048 Hz could be used to
estimate the threshold for speech.

Later, after comparing
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various averaging and weighting procedures, Carhart (1946)
confirmed that the simple average of the three frequencies
cited by Fletcher was indeed the best predictor of SRT.
Fletcher (1950) later noted that using an average of the
best two of those particular three frequencies was more
accurate for audiograms demonstrating a sloping high
frequency sensorineural hearing loss.

His findings for this

group identified a 9 dB difference between the SRT and the
three frequency average, but only a 5 dB difference between
the SRT and the two frequency average.
Carhart and Porter (1971) compared various pure-tone
threshold data to SRT data among six types of audiometric
configuration.

They found that for flat audiograms the

threshold at 1000 Hz was the best single predictor of SRT.
As a result, they recommended various weighting formulae for
other audiometric configurations.

Carhart (1971) also

indicated that when the audiometric configuration is not
taken into account, the best predictor of SRT is an average
of the thresholds at 500 and 1000 Hz minus 2 dB.
Olsen and Matkin (1979) and others (Hopkinson, 1973;
Rupp, 1980; Wilson and Margolis, 1983) suggested that when
the SRT is significantly better than the PTA, a non-organic
hearing loss must be suspected.

References to those cases

where the SRT is significantly worse than the PTA are rare,
although such differences are noted occasionally clinically.
Wilson and Margolis, however, noted that patients with
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lesions which impair word-recognition ability may present
SRTs which are elevated relative to the PTA.
Effect of Word Recognition on the SRT-PTA Relationship

Several researchers have noted the negative effect of
retro-cochlear lesions on word-recognition ability (Dirks et
al., 1977; Flower and Viehweg, 1961; Jerger, 1969; Jerger
and Jerger, 1971; Johnson, 1968; Parker et al., 1962).
Flower and Viehweg (1961) noted that, in one patient, this
word-recognition impairment affected spondee recognition so
severely that the patient was not able to recognize spondees
at the maximum output of the audiometer in spite of a PTA of
18 dB.
Other researchers have tried to predict wordrecognition scores from audiometric data such as SRT and
pure-tone thresholds (Marshall and Bacon, 1983; Young and
Gibbons, 1962).

But none has looked at the effect of word-

recognition on SRT and the SRT-PTA relationship in spite of
the evidence that impaired word-recognition ability can
affect the SRT independently of the ability to detect pure
tones.
The purpose of this study is to investigate the effect
of word-recognition ability, as measured by the Maryland CNC
test, on the SRT-PTA relationship.

Specifically, the

questions to be addressed are:
1.

As word-recognition scores decrease, does the
difference between the SRT and the PTA increase?

If so, is the difference between the SRT and the
PTA more evident for any one of the following
relationships:
a.

Relationship 1:

SRT minus an average of

500, 1000, and 2000 Hz,
b.

Relationship 2:

SRT minus an average of 500,

1000, 2000 and 4000 Hz,
c.

Relationship 3:

SRT minus an average of

the best two consecutive thresholds among
500, 1000 and 2000 Hz,
d.

Relationship 4:

SRT minus an average of 500

and 1000 Hz minus 2 dB,
e.

Relationship 5:

SRT minus an average of

1000, 2000, 3000 and 4000 Hz,
f.

Relationship 6:

SRT minus the best single

threshold among 500, 1000 and 2000 Hz?

CHAPTER THREE:

METHODS

Subjects

The subjects in this study were patients seen in an
otolaryngology and audiology practice in Kalispell, Montana.
A total of 98 ears were used.

Subjects were selected in the

order they appeared for evaluation.

The only criteria for

exclusion were those patients who refused to participate and
those patients who were less than 15 or greater than 80
years of age.
Instrumentation

The instrumentation included a Maico MA-22 audiometer
equipped with TDH-39P earphones housed in MX-41/AR cushions.
A Panasonic cassette recorder was used for
the speech stimuli.

The audiometer was

presentation of

calibrated

according to the American National Standard Institute
Specifications for Audiometers, ANSI S3.6-1969, within 60
days prior to the beginning of data collection.

The test

environment met the criteria for background noise as
specified by the American National Standards Institute
Specification ANSI S3.1-1966 (R-1977).

Additionally, daily

biological calibration checks were performed on all
equipment.

These biological checks included self

administered bilateral pure-tone threshold assessment and
listen-check of the taped speech materials through the
speech channel of the audiometer.
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Procedures

Spondee-Recoanition Threshold Assessment:

The

procedures for determining the SRT followed the ASHA
Guidelines For Determining the Threshold Level for Speech
(1987).

For each patient, the procedure began with

instructions which oriented him to the nature of the task,
specified the patient's mode of response, indicated that the
test material is speech and that the patient should respond
with only words from the test list, and emphasized that some
of the stimuli would be presented at very quiet listening
levels.
Next, the patients were familiarized with the words in
the spondee list.

The list was presented in a normal voice

face to face with the patient.

Any words which the patient

did not clearly repeat were eliminated from the procedure. A
copy of the spondee lists employed in the present study is
presented in Appendix A.
The threshold search was then initiated.

Spondees were

presented from an Auditec CID-W22 cassette tape.

The tape

was calibrated prior to each threshold search by setting the
calibration tone to 0 on the VU meter.
contralateral masking was applied.
divided into two phases.

Appropriate

The threshold search was

The first phase determined the

starting level for the second phase.

In the first phase,

the first spondee was presented at an intensity level of 30
to 40 dB above the estimated SRT.

If the response was
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incorrect, then the intensity was raised 10 dB and another
spondee was presented.

When a correct response was obtained

the intensity level was attenuated 10 dB and another spondee
was presented.

Spondees were presented in 10 dB decrements

until the subject provided a wrong response.
spondee was then presented at the same level.

A second
If the

response to this second spondee was also incorrect, then the
intensity was raised 10 dB and this level was then defined
as the starting level for the test phase.

If the response

to this second spondee was correct, the intensity was
attenuated in 10 dB decrements and two spondees were
presented at each decrement until both spondees at a single
decrement were missed.

The intensity was increased by 10 dB

and this level was defined as the starting level for the
test phase.
The test phase was initiated by presenting five
spondees at the starting level and at each successive 5 dB
decrement.

The comittee draft of ASHA's Guidelines for

Determining the Threshold Level for Speech (1987)
recommended presentation in 2 dB decrements but since the
Maico audiometer in the Kalispell clinic did not allow 2 dB
decrements, 5 dB decrements were employed in this study.
The descending series was terminated when five incorrect
responses were obtained at single intensity level.

If

responses to five of the first six spondees presented were
not correct, the intensity level was raised 10 dB from the
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original starting level and the test phase was re-initiated.
Threshold was then calculated by subtracting the total
number of correct responses from the starting level and
adding a correction factor of two.

A copy of the worksheet

for recording responses and calculating the SRT may be
reviewed in Appendix B.
Pure-Tone Threshold Assessment:

The procedure for

determining air-conduction pure-tone thresholds followed the
ASHA Guidelines For Manual Pure-Tone Threshold Audiometry
(1977).

For each patient, the procedure began with

instructions which indicated the nature of the stimulus, the
response task, that the patient should respond even if the
stimulus is very faint, that the patient is to respond at
the initiation of the tone and cease responding at the
termination of the tone, and that each ear would be tested
separately.
The patient was then familiarized with the task.
Beginning with the tone on but completely attenuated, a 1000
Hz tone was presented while gradually increasing the
intensity of the tone.

When a response occurred the tone

was terminated and then presented again at the same level.
If a second response occurred threshold measurement was
initiated.

If there was no second response the procedure

was repeated until two successive responses occurred at the
same intensity level.
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The threshold search was initiated first for 1000 Hz by
presenting continuous short tones of one to two seconds in
duration at an intensity level of 10 dB less than the
patient's response to the familiarization presentation.

The

level of succeeding presentations was then determined by the
patient's response to the preceding stimulus.

If the

patient did not respond to the preceding stimulus then the
intensity was increased in 5 dB increments until a response
occurred.

After the response the intensity was decreased 10

dB and another ascending series was begun.

Threshold was

defined as the lowest level at which the patient responded
to at least half of a series of ascending trials and a
minimum of three responses was required at a single
intensity level.

The familiarization and threshold search

procedure was repeated for the frequencies of 500, 250,
2000, 3000, 4000 and 8000 Hz, respectivly, for each ear
(ASHA, 1977). Threshold assessment was initiated at
interoctave frequencies whenever there was a difference of
20 dB or greater at any two adjacent octave frequencies.
Appropriate contralateral masking was applied whenever the
intensity of the stimulus exceeded the apparent
bone-conduction threshold in the contralateral ear by 40 dB
or more.

The results were recorded using standard

audiometric symbols on the standard audiogram forms.
Word-Recognition Assessment:

The procedures for

testing word recognition involved instruction and testing.
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The patient was instructed that he would hear words embedded
within the phrase "Say the
repeat these words.

again" and that he was to

He was informed that he would be

hearing noise in the opposite ear.

He was also advised that

the sentence might not make sense and that he should not try
to make sense of it, but only to repeat the word between
"the" and "again".
Word-recognition testing was then initiated for each
ear.

Recorded lists of 50 words each which compose the

Maryland CNC test were presented at an intensity level of 40
dB above the average of the best two pure-tone thresholds
between 500 and 2000 Hz for that ear.

List selection was

balanced so that each list was presented to an equal number
of subjects.

The tape was calibrated prior to each

word-recognition test by setting the calibration tone to 0
on the VU meter.

Appropriate contralateral masking was

applied for each ear.

Responses and a percent score were

noted on a worksheet which may be reviewed in Appendix C.
Order of Testing:

Testing in each ear was initiated

with the spondee-recognition threshold search, followed by
pure-tone threshold testing, followed by word-recognition
testing.

SRT assessment preceeded pure-tone assessment so

that the SRT could be used to determine the "better" ear in
order that the better ear be tested first during pure-tone
testing, thus facilitating any masking protocols.

Word-

recognition testing followed pure-tone testing in each ear
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since the presentation level for this test was based on the
pure-tone average in that ear.
Data Collection and Analysis

For each patient, the raw data were collected in the
form of an audiogram, an SRT worksheet which recorded SRTs
for each ear on one form (Appendix B) and two wordrecognition worksheets (Appendix C) which recorded a wordrecognition score for each ear.

The data for each ear were

then transferred to an Individual Summary Form (Appendix D)
which recorded pure-tone thresholds at 500, 1000, 2000, 3000
and 4000 Hz, the SRT and the word-recognition score for each
ear.

These data were then transferred to computer and the

results of the following relationships were computed for
each subject:
1.

Relationship 1:

SRT minus an average of 500,

1000, and 2000 Hz,
2.

Relationship 2:

SRT minus an average of 500,

1000, 2000 and 4000 Hz,
3.

Relationship 3:

SRT minus an

average

of

the best two consecutive thresholds among
500, 1000 and 2000 Hz,
4.

Relationship 4: SRT minus an average of 500
and 1000 Hz minus 2 dB,

5.

Relationship 5:

SRT minus an average of

1000, 2000, 3000 and 4000 Hz,

41

6.

Relationship 6:

SRT minus the best single

threshold among 500, 1000 and 2000 Hz.
Scattergrams were then plotted for each of the six
relationships as a function of word-recognition score.
Correlation and regression analyses of the data points were
computed to determine the relationship between the wordrecognition score and the SRT-PTA agreements.

CHAPTER FOUR:

RESULTS

Spondee-recognition thresholds, word-recognition scores
and pure-tone thresholds at 500, 1000, 2000, 3000 and 4000
Hz were obtained for 98 subjects. Scattergrams were plotted
for six SRT-PTA relationships.

Correlation and linear

regression values were computed for each relationship.
These values are presented in Table 1.

The results

pertaining to each relationship are discussed below.
Relationship One represented the SRT minus an average
of 500, 1000 and 2000 Hz.

The scattergram for this

relationship is presented in Figure 1.

It indicates a weak,

negative rectilinear trend, suggesting that there is a
slight tendency towards the SRT being lower than the average
of 500, 1000 and 2000 Hz as word-recognition scores
decrease.

Linear regression analysis revealed the following

function for the line of best fit:

Y = -0.12x + 9.01.

The

standard error of Y was 7.80. The Pearson r product-moment
correlation coefficient was -0.30, which was significant (r2
= 0.09, p < 0.05).
Relationship Two represented the SRT minus an average
of 500, 1000, 2000 and 4000 Hz.

The scattergram for this

relationship is presented in Figure 2.

It indicates a weak,

negative rectilinear trend, suggesting that there is a
slight tendency towards the SRT being lower than the average
of 500, 1000,

2000 and

4000 Hz as
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word-recognition scores
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Table One: Correlation and Linear Regression Values for Six
SRT-PTA Relationships as a Function of Word-Recognition
Scores.
1

2

3

4

5

6

-.30

-.16

-.46

-.50

-.04

-.60

.09

.02

.21

.25

.00

.34

X Coefficient

-.12

-.07

-.16

-.19

.02

-.25

Y Constant

9.01

-.46

17.28

19.30

-12.27

27.58

Std. Error of Y

7.80

9.99

7.28

7.52

13.91

7.59

Relationship
Correlation
Pearson r
r2

*

*

*

*

Recrression

SRT minus an average of 500, 1000 and
2000 Hz.
Relationship 2:
SRT minus an average of 500, 1000, 2000
and 4000 Hz.
SRT minus an average of the best two
Relationship 3:
consecutive thresholds among 500, 1000
and 2000 Hz.
SRT minus an average of 500 and 1000 Hz
Relationship 4:
minus 2 dB.
SRT minus an average of 1000, 2000, 3000
Relationship 5:
and 4000 Hz.
Relationship 6:
SRT minus the best threshold among 500,
1000 and 2000 Hz.
* indicates significance (p < 0.05, df = 98)
Relationship 1:
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FIGURE 1
Relationship One
SRT minus the average of 500, 1000 and
2000 Hz as a function of wordrecognition score.
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FIGURE 2
Relationship Two
SRT minus the average of 500, 1000, 2000
and 3000 Hz as a function of
word-recognition score.
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decrease.

Linear regression analysis revealed the following

function for the line of best fit:

Y = -0.07x + -0.46.

The

standard error of Y was 9.99. The Pearson r product-moment
correlation coefficient was -0.16 which was not significant
(r2 = 0.02).
Relationship Three represented the SRT minus an average
of the best two frequencies among 500, 1000 and 2000 Hz.
The scattergram for this relationship is presented in Figure
3.

It indicates a weak, negative rectilinear trend,

suggesting that there is a slight tendency towards the SRT
being lower than the average of the best two frequencies
among 500, 1000 and 2000 Hz as word-recognition scores
decrease.

Linear regression analysis revealed the following

function for the line of best fit:
standard error of Y was 7.28.

Y = -0.16x + 17.28.

The

Pearson r was -0.46 which was

significant (r2 = 0.21, E < 0.05).
Relationship Four represented the SRT minus an average
of 500 and 1000 Hz minus 2 dB.

The scattergram for this

relationship is presented in Figure 4.

It indicates a weak,

negative rectilinear relationship, suggesting that there is
a slight tendency towards the SRT being lower than the
average of 500 and 1000 Hz minus 2 dB as word-recognition
scores decrease.

Linear regression analysis revealed the

following function for the line of best fit:
19.30.

Y = -0.19x +

The standard error of Y was 7.52. Pearson r was -

0.50 which was significant (r2 = 0.25, E < 0.05).

FIGURE 3
Relationship Three
SRT minus an average of the best two consecutive
thresholds among 500, 1000 and 2000 Hz as a
function of word-recognition score.
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FIGURE 4
Relationship Four
SRT minus an average of 500 and 1000 Hz minus 2 dB
as a function of word-recognition score.
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Relationship Five represented the SRT minus an average
of 1000, 2000, 3000 and 4000 Hz.

The scattergram for this

relationship is presented in Figure 5.

It indicates a weak,

positive rectilinear relationship, suggesting that there is
a slight tendency towards the SRT being better than the
average of 1000, 2000, 3000 and 4000 Hz as word-recognition
scores decrease.

Linear regression analysis revealed the

following function for the line of best fit:
12.27.

The standard error of Y was 13.91.

Y = 0.02x + -

Pearson r was -

0.04 which was not significant (r2 = 0.02).
Relationship Six represented the SRT minus the best
threshold among 500, 1000 and 2000 Hz.

The scattergram for

this relationship is presented in Figure Six.

It indicates

a stronger negative rectilinear relationship, suggesting
that there is a tendency towards the SRT being lower than
the best threshold among 500, 1000 and 2000 Hz as wordrecognition scores decrease.

Linear regression analysis

revealed the following function for the line of best fit:
= -0.25x + 27.58.

Y

The standard error of Y was 7.59.

Pearson r was -0.60 which was significant (r2 = 0.36, p <
0.05).
To summarize, the scattergrams indicated a negative
rectilinear trend for all relationships except Relationship
Five. The difference between the SRT and the PTA varied
greatest as word-recognition scores decreased for
Relationship Six (X Coefficient = -0.25), followed by
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FIGURE 5
Relationship Five
SRT minus an average of 1000, 2000, 3000 and 4000 Hz
as a function of word-recognition score.
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FIGURE 6
Relationship Six
SRT minus the best threshold among 500, 1000 and 2000 Hz
as a function of word-recognition score.
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Relationship Three (X Coefficient = -0.16).

These results

suggest that, in general, as word-recognition scores
decrease, SRTs have a tendency to be lower than pure-tone
averages.
The standard error accounts for how much the actual
data varied from the predicted data.

It was lowest for

Relationship Three (7.28), followed by Relationship Four
(7.52), Relationship Six (7.59), Relationship One (7.80) and
Relationship Two (9.99).

Relationship Five had the largest

standard error (13.91).
The correlation was strongest for Relationship Six (r =
-0.60), followed by Relationship Four (r = -0.50), followed
by Relationship Three (r = -0.46), followed by Relationship
One (r = -0.30).

The correlations for these relationships

were all significant.

The correlations for the remaining

relationships were not statistically significant.

CHAPTER FIVE: DISCUSSION
Spondee-recognition thresholds, pure-tone thresholds at
500, 1000, 2000, 3000 and 4000 Hz, and word-recognition
scores on the Maryland CNC test were collected for 98 ears.
Scattergrams were plotted for six SRT-PTA relationships as a
function of word-recognition score.

The relationships were:

1) SRT minus an average of 500, 1000 and 2000 Hz; 2) SRT
minus an average of 500, 1000, 2000 Hz and 4000 Hz; 3) SRT
minus the average of the best two consecutive thresholds
among 500, 1000 and 2000 Hz; 4) SRT minus an average of 500
and 1000 Hz minus 2 dB; 5) SRT minus an average of 1000,
2000, 3000 and 4000 Hz; 6) SRT minus the best threshold
among 500, 1000 and 2000 Hz.

Correlation and linear

regression values were computed for each relationship.
A weak negative rectilinear trend was noted for all
relationships except Relationship Five.

These results

suggest that for all relationships except Relationship Five,
as word-recognition scores decrease, there is a tendency for
SRTs to be poorer than the pure-tone average data.
Correlation coefficients were less than -0.61 for all
relationships. Those values were significant for all
relationships except Relationships Two and Five, however.
Relationship Five is the only relationship which
yielded a positive trend.

This trend indicated that as

word-recognition scores decreased the SRT tended to be
better than the average of 1000, 2000, 3000 and 4000 Hz.
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Three SRT-PTA relationships changed most as wordrecognition scores decreased.

They were Relationship Six (X

Coefficient = -0.25), Relationship Four (X Coefficient = 0.19) and Relationship Three (X Coefficient = -0.16).

Those

three relationships also yielded the highest correlation
coefficients and r2 values as well as the lowest standard
error values.
Three relationships changed least as word-recognition
scores decreased. They were Relationship Five (X
Coefficient = 0.02), Relationship Two (X Coefficient = 0.07) and Relationship One ( X Coefficient = -0.12).

Of

these three relationships, Relationship One yielded the best
correlation coefficient (-0.30), which was significant, and
the smallest standard error.
An explanation for these differences may be found in
the composition of the individual averages used to compare
to the SRTs. The averages used for Relationships Six, Four
and Three were more likely to be heavily weighted toward low
frequencies since Relationship Four included only 500 and
1000 Hz and Relationships Three and Six involved "best"
frequencies which are typically lower frequencies.
Relationships One, Two and Five were more heavily weighted
toward high frequencies.

They all included data from 2000

Hz, Relationship Two also included 4000 Hz and Relationship
Five included 3000 and 4000 Hz.
These facts suggest that the more high frequency data
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included in the pure-tone average, the less likely the SRTPTA relationship
scores.

will be affected by poor word-recognition

In fact, Relationship Five, which is the most high

frequency weighted relationship, is the only relationship in
which the SRT was likely to be better than the PTA as wordrecognition decreased.

This finding supports other studies

which have attested to the importance of high frequency
information on word recognition (French and Steinberg,
1947).

It also suggests that high frequency information may

play a role in SRT assessment, as well. The relationships
with higher frequency averages (Relationships One, Two and
Five) tended to yield SRTs closer to or better than the PTA,
while the lower frequency averages (Relationships Three,
Four and Six) tended to yield SRTs poorer than the PTA.
Several variables involved in this study are relevant
to the interpretation of these results.

These include the

small number of subjects with poor word-recognition scores,
the use of a 5 dB decrement for SRT assessment, the
combination of subjects with flat and sloping audiometric
configurations, and the possible inclusion of subjects with
retro-cochlear lesions in the study.
Only eight of the 98 subjects presented wordrecognition scores of 50% or less.
scored 80% or better.

Sixty-seven of them

The large standard error values

obtained for all relationships are most likely the result of
this clustering toward one end of the scattergrams. The
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small number of data points at the lower end of the wordrecognition scale (the left side of the X axis) may have
increased the variance of the actual data from the predicted
data.
The audiometer employed in this study unfortunately
allowed only a 5 dB decrement for SRT assessment.

Chaiklin

and Ventry (1964) found a statistically insignificant 1.8 dB
difference between SRTs obtained with 2 and 5 dB increments.
Wilson, Morgan and Dirks found a statistically significant
1.2 dB difference.

This variability of up to 1.8 dB which

may have resulted from the use of a 5 dB decrement may have
increased the variability of the SRT-PTA relationships
further contributing to the large standard error obtained
for all relationships.
No attempt was made to control for the various
audiometric configurations obtained in this study.

Fletcher

(1950) recommended for steeply sloping audiograms using an
average of the best two thresholds among 500, 1000 and 2000
Hz for comparing to the SRT (Relationship Three in the
current study).

Carhart and Porter (1971) recommended using

an average of 500 and 1000 Hz minus 2 dB for such audiograms
(Relationship Four in the present study).

Both of these

averages were most likely to be better than the SRT as wordrecognition scores decreased in the present study.

These

results may have been different if subjects with flat
audiometric configurations had not been included.
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Finally, no attempt was made to eliminate subjects with
retro-cochlear lesions from the study.
two-fold.

The rationale was

First, such lesions can only be definitively

confirmed by CT scan or magnetic resonance imaging which are
costly procedures and only warranted when surgical
intervention is being considered.

Second, the examiner

hypothesized that the effect of retro-cochlear lesions,
specifically, impaired speech-recognition ability, would
equally affect SRT and word-recognition scores.

This

hypothesis is not a proven one, however, and it may be that
the effect of retro-cochlear lesions is not the same for SRT
and word-recognition assessment.
Implications for further research can be drawn from
these remarks.

First, further research on this topic should

employ methods which will include more subjects with poor
word-recognition scores.

This could be accomplished by

using a word-recognition tool which produces a wider range
of scores than any of the conventional tests currently in
common use such the PB-50, the CID W-22, the NU6 and the
Maryland CNC test.

Use of a more esoteric test, however,

would reduce the clinical relevancy of the results.
Alternatively, this goal might be accomplished by
obtaining data from equal numbers of subjects with scores
within various ranges, for example, 0-10%, 11-20%, 21-30%,
etc.

This procedure would, of course, involve testing, and

eliminating, as subjects, large numbers of subjects with

58

better word-recognition scores in order to obtain equal
numbers of subjects with poor word-recognition scores.

This

would also necessitate an alternative choice of statistical
analysis.
Second, further research on this topic should employ a
2 dB decrement for SRT assessment.

This might reduce the

standard error of the regressions obtained and might show
smaller differences between SRTs and pure-tone averages.
Third, separating the subjects into two groups
according to flat or sloping audiometric configuration might
show differences in SRT-PTA agreement among the different
average calculations.

However, since the degree of slope

would affect word-recognition performance differentially it
would be necessary to separate the subjects acccording to
this factor as well.

Such results might serve to support

Fletcher's (1950) and Carhart and Porter's (1971) results,
however.
Finally, separating the subjects into two groups
according to site-of-lesion (cochlear vs retro-cochlear)
would shed further light on the effect of retro-cochlear
lesions on word-recognition and the effect any such
impairment might have of the SRT-PTA agreement as compared
to cochlear lesions.

However, precautions would have to be

taken to ensure that the effects of performance-intensity
rollover does not artificially deflate word-recognition
scores for the retro-cochlear subjects.
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One implication concerning clinical practice may be
drawn from the results of this study.

It is that, as a

general rule, as word-recognition scores decrease, there is
a slight tendency for the SRT to be poorer than the puretone average.

The tendency is less, however, when

thresholds from 2000 Hz and above are included in the
average.

Therefore, clinicians should choose either an

average of 500, 1000 and 2000 Hz, or an average of 500,
1000, 2000 and 4000 Hz. The highest frequency average
looked at in this study, the average of 1000, 2000, 3000 and
4000 Hz, should be avoided however, since it tends to yield
SRTs better than the PTA.

It should be further noted that

it is not known whether this trend is stronger for either
flat or sloping audiometric configurations, whether it is
true for a 2 dB SRT increment nor what effects, if any,
retro-cochlear lesions have on this trend.
Conclusions

The results of this study indicated a weak negative
rectilinear trend for SRTs to be worse than the pure-tone
average as word-recognition scores decrease for five
calculations of the pure-tone average.

Those calculations

were:
1.

Relationship 1:

SRT minus an average of 500, 1000

and 2000 Hz,
2.

Relationship 2:

SRT minus an average of 500,

1000, 2000 and 3000 Hz,
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3.

Relationship 3:

SRT minus an average of the best

two consecutive thresholds among 500, 1000 and
2000 Hz,
4.

Relationship 4:

SRT minus an average of 500 and

1000 Hz minus 2 dB, and
5.

Relationship 6: SRT minus the best threshold
among 500, 1000 and 2000 Hz.

For Relationship Five, SRT minus an average of 1000,
2000, 3000 and 4000 Hz, a weak positive rectilinear trend
was noted.

The X Coefficients were less than -0.26 for all

relationships.

The Pearson r product-moment correlation

coefficient was less than -0.61 for all relationships which
was significant for Relationships One, Three, Four and Six.
These trends should be noted in light of several factors,
however.

Those include the small number of subjects with

poor word-recognition scores, the use of a 5 dB decrement
and the unknown effects of audiometric configuration and
retro-cochlear lesions.
Clinicians should choose higher frequency weighted
averages to compare to SRT to avoid the effect of poor wordrecognition abilities.

Specifically, an average of 500,

1000 and 2000 Hz, or an average of 500, 1000, 2000 and 4000
Hz. is recommended.
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APPENDIX A
SPONDEES
1.

playground

19. airplane

2.

daybreak

20. headlight

3.

northwest

21. hothouse

4.

mushroom

22. stairway

5.

doormat

23. woodwork

6.

eardrum

24. drawbridge

7.

iceberg

25. armchair

8.

padlock

26. schoolboy

9.

sunset

27. horseshoe

10. duckpond

28. railroad

11. cowboy

29. workshop

12. inkwell

30. pancake

13. baseball

31. hardware

14. whitewash

32. toothbrush

15. oatmeal

33. grandson

16. greyhound

34. birthday

17. hotdog

35. sidewalk

18. mousetrap

36. farewell
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APPENDIX B
SRT WORKSHEET
Name

Date
Left Ear
Intensity

Sub. No.
Right Ear
Intensity

+/-

Starting level

Starting level
Number correct

Correction factor
SRT

Number correct

-

Correction factor

+2

=

SRT

70

+2

+/-

APPENDIX C
WORD RECOGNITION WORKSHEET

Date:
Name:

—
Kar:

Sub. No.
Maryland CNC List 1-1
26.
27.
28.
2q.

1. i ar
2. boil
3. tnuqh
4. t-noth
5. gnose
6 • toad
7. •rout
8. mess
9. kite
10. jug
11. pad
12. palve
13. van
14. home
15. rape
16. shore
17. wreck
18. Rhirt
19. Vnife
20. hull
21. yearn
22. sun
23. wheel
24. fit
25. patch

34.
35.
36.

make
d ime_.
bean
thin
seas
hate
wood
check
ditch
rose
merge_

37.

lease

30.

31.
32.
33.

38.
39.
40.
41.

loop
king
dead
chore
A 2. fcoat
wish
4 /\ . pame
45. pick
46. ripe
47.

48.
49.

50.
50

fall
lag
gale
sob

Total Responses
Incorrect Responses
Correct Responses

X2

% word Recognition Score
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WORD RECOGNITION WORKSHEET
Name:

Date:

Sub. No.

Ear:
Maryland CNC List 1-3

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

jail_
rat
toss
soon
faith_
sung
keg
vote
size
numb
dab
what_
room_
kid
dike_
mate
well
rig
four_
bush_
dip
gap
perch_
sheep_
house
50
-

fade
lake
gull
rouge_
bar
tone
chin
piece
purge
bellj
work
life
pod
shine_
toll
joke
head
with
keen
more
leave_
hut
noise_
man
yam

Total Responses
Incorrect Responses
Correct Responses

x2
% Word Recognition Score
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WORD RECOGNITION WORKSHEET
Name:

Date:

Sub. No.

Ear:
Maryland CNC List 1-6

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

whip
bud
shone_
rug
cheese
chain_
look
dull
pope
calf
fire
turn
raise_
sour
bed
lawn
sit
tube
veal
get
pace
night_
hiss
shock_
wing

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

door
niece_
cat
move
cool
web
knocks
jot
cage
mode
search
gone
rush
pole
dig
bad
1ive
map
wife
fan
birth_
team
howl
hike
jam

50 Total Responses
Incorrect Responses
Correct Responses
x2
% Word Recognition Score
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WORD RECOGNITION WORKSHEET
Name:

Date:

Sub. No.

Ear:
Maryland CNC List 1-7

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

note_
doom_
coke_
hole_
join_
third
mouth
sure_
vague
big
far
gun
pearl
loot_
save_
side_
heat_
bun
fish_
have_
mole_
pine_
nap
mine_
was

26. reach_
27. face
28. bet
29. caught
30. laugh_
31. shall_
32. geese_
33. tape
34. sack
35. ridge_
36. cheek_
37. dumb
38. top
39. young_
40. led
41. rib
42. pass
43. wit
44. did
45. call
46. neck
47. such
48. lose
49. gem
50. tar
50 Total Responses
Incorrect Responses
Correct Responses
x2
% Word Recognition Score
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WORD RECOGNITION WORKSHEET

Name:

Date:

Sub. No.

Ear:
Maryland CNC List 1-9
2 6 . wrong_
27. yes
2 8 . sin
29. curve_
30. haze^
31. girl__
32. time
33. book
34. reap—
35. fudge.
36. voice,
37. rag—
38. mud
39. ball_
40. deck,
41. cut
42. need
43. cheer_
44. soap
45. feet
46. tick_
47. roof
48. dog
49. beat_
50. dish

lack
2 . watch_
3. power_
4. mire
5. nail
6 . thine_
7. word
8 . tool
9. mob
10. hen
11. got
12. sane
13. shout_
14. pill
15. both
16. shade_
17. jazz
18. lathe_
19. catch_
20. white_
21. chair_
2 2 . loaf
23. pun
24. ham
25. lip

1.

50 Total Responses
•
Incorrect Responses
Correct Responses
X2
% Word Recognition Score

WORD RECOGNITION WORKSHEET

Date:
Name:,
Ear:.

Sub. No..

Maryland CNC List 1-10

26. shack
27. cone
28. sell
29. your
30. term
31. mood
32. deep
33. meek
34. rope
35. witch_
36. ride
3 7 . bake
38. gore
39. fool
40. guess_
41. mouse_
42. lung_
43. load_
44. path_
45. peak_
46. run
47. sag
48. cave_
49. thatch_
50. towel_

sub
2 . lot
3. din
4. death_
5. chill_
6 . coin
7. cause,
8 . burn_
9. loose_
10. palm
11. judge_
12. wash
13. rob_
14. fine
15. while_
16. chat_
17. bit
18. nick__
19. neat_
2 0 ., hair_
21.. safe_
22. hit
23. jade_
24. hurt_
25. pile_

1.

50
-

Total Responses
Incorrect Responses
Correct Responses

x2
% Word Recognition Score

APPENDIX D
INDIVIDUAL DATA SUMMARY
Sub. No.:
WR Score:
Pure Tone Data
0

SRT:
Diff between SRT and PT

500 Hz

0 1000 Hz
0 2000 Hz
0 3000 Hz
0 4000 Hz
PTA 1
PTA 2
PTA 3
PTA 4
PTA 5
PTA 1:

Avg of 500, 1000 and 2000 Hz

PTA 2:

Avg of 500,1000, 2000 and 4000 Hz

PTA 3:

Avg best 2 of 500, 1000 and 2000 Hz

PTA 4:

Avg 500 & 1000 Hz - 2 db

PTA 5:

Avg 1000. 2000, 3000 and 4000 Hz
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